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INTRODUCTION

Water Resources Division of the U.S. Geological Survey (USGS), in
cooperation with Federal, State, and local agencies, obtains alarge amount
of datapertaining to the water resources of Minnesotaeach water year. These
data, accumulated during many years, constitute a valuable data base for
developing an improved understanding of the water resources of the State.
To make these datareadily available to interested parties outside the USGS,
the data are published annualy in this report series entitled "Water-
Resources Data Minnesota."

Water-resources datafor the 2001 water year (hereinafter 2001) for
Minnesota consist of records of stage, discharge, and water quality of
streams; and stage of lakes and reservoirs; and water quality of ground
water. This volume containsdischarge records for 100 stream-gaging sta-
tions; stagefor 131akesand reservoirs; water quality for 24 stream-gaging
stations; peak flow data for 88 high-flow partial-record stations; and 4
ground-water observation wells. These datarepresent apart of the National
Water Data System collected by the USGS and cooperating State and Federal
agencies in Minnesota.

This series of annual reportsfor Minnesota began with the 1961
water year with areport that contained only datarelating to the quantities of
surfacewater. For the 1964 water year, asimilar report was introduced that
contained only data relating to water quality. Beginning with the 1975
water year, the report was changed to present, in one volume, data on
quantities of surface water, quality of surface and ground water, and ground-
water levels.

Prior tointroduction of this series and for several water years concur-
rent with it, water-resources datafor Minnesota were published in U.S.
Geological Survey Water-Supply Papers. Data on stream discharge and
stage and on lake or reservoir contents and stage, through September
1960, were published annually under thetitle " Surface-Water Supply of the
United States, Parts4, 5and 6A." For the 1961 through 1970 water years,
thedata were published intwo 5-year reports. Data on chemical quality,
temperature, and suspended sediment for the 1941 through 1970 water
years were published annually under thetitle "Quality of Surface Waters of
the United States,” and water levelsfor the 1935 through 1974 water
years were published under thetitle"Ground-Water Levels in the United
States." The above mentioned Water-Supply papers can be consulted in
the libraries of the principal cities of the United Statesand may be pur-
chased from the U.S. Geologica Survey Branch of Information Services,
Denver Federal Center, Box 25286, Denver, Colorado 80225.

Publications similar to thisreport are published annualy by the
USGSfor all States. These official Survey reportshave an identification
number consisting of the two-letter State abbreviation, the last two dig-
its of the water year, and volume number. For example, thisvolumeis
identified asthe "U.S. Geological Survey Water-Data Report MN-01-1."
For archiving and general distribution, the reports for 1971-74 water years
also are identified as water-data reports. These water-data reports are for
salein paper copy or in microfiche by the National Technical Information
Service, U.S. Department of Commerce, Springfield, Virginia 22161.

Additional information, including current prices, for ordering specific
reports may be obtained from the District Chief at the address given on the
back of the title page or by telephone (763) 783-3100.

COOPERATION

The USGS and agencies of the State of Minnesota have had cooper-
ative agreementsfor the systematic collection of streamflow records since
1909, for ground-water levelssince 1948, and for water-quality records
since 1952. Organizationsthat assisted in collecting data through cooper-
ative agreement with the USGS are:

— Minnesota Department of Natural Resources

— Minnesota Department of Transportation

— Minnesota Pollution Control Agency

— Grand Portage Reservation Tribal Council

— EIm Creek Conservation Commission

— Red River Watershed Management Board

— City of Rochester

— Bois Forte Reservation Tribal Council

— Prairie Island Indian Community.

— City of Mankato.

— Prairie County Resource Conservation District.

Assistance inthe form of fundsor serviceswasgiven by the U.S. Army
Corps of Engineers, U.S. Department of State, and the Federal Energy Reg-
ulatory Commission. Other organizations that supplied data are acknowl-
edged in station descriptions.

SUMMARY OF HY DROLOGIC CONDITIONS

Precipitation

Most of Minnesota received normal to above normal precipitation
("normal” being the statistical median based on data from 1961-90) during
the 2001 water year (figs. 1 and 2). The greatest departures from normal were
in the east-central and northeastern parts of the State, which were several
inches above normal in some places. The deviations from normal ranged
from greater than 6 inches above normal in the east-central and west-central
parts of the State to almost no deviations in the northwest.

Precipitation totals for the first quarter, October 1 to December 31,
2000, were 2 to 3 inches above normal in the northwestern and north-central
parts of the State. Most of the precipitation occurred in November, with parts
of the State receiving greater than 4 inches. The northern part of the State
received the most precipitation. The remainder of the State had precipitation
near normal.

Precipitation for the second quarter, January 1 to March 31, 2001, was
near normal for the entire State. The greatest deviation was in the northwest-
ern part of the State, which received about 1.2 inches above normal. Snowfall
totals were near normal for most of the State

For the third quarter, April 1 to June 30, 2001, precipitation totalswere
above normal for the entire State. Thelargest deviationswerein the east-cen-
tral and south-central parts of the State which were between 5.5 and 6.0
inches above normal. The greatest monthly deviationsoccurred in April with
nearly 8 inches in the southwest, or greater than three times the normal
monthly total. A late April storm produced rainfall totals of 1-2 inchesin the
northern part of the State, to greater than 3.5 inchesin central and southwest-
ern Minnesota. May was noticeable for one event in southwestern Minne-
sota, which produced nearly 7 inchesin asinglerain event.

For thefina quarter, July 1 to September 30, 2001, precipitation totals
were near normal for most of the State. The exceptions being the northwest-
ern and north-central parts of the State, which were from two to 3.7 inches
above normal.

Precipitation data not derived from figures 1 and 2 were obtained from
the Midwestern Regional Climate Center through the World Wide Web at:
http://mcc.sws.uiuc.edu/index.html.

Surface Water

Figure 3 shows monthly-mean and annual-mean discharges for water
year 2001 compared to normal (median of monthly-mean discharges for the
period 1971-00) for 7 streamflow gaging stations: Little Fork River near Lit-
tlefork, Pigeon River at Middle Falls, Red Lake River at Crookston,
Chippewa River near Milan, Mississippi River at Aitkin, Des Moines River
at Jackson, and Crow River at Rockford. These stations arelocated in thefol-
lowing basins—L ake Superior, Red River of the North, Lake of the Woods,
and the upper Mississippi River.
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Figure 1. Precipitation, in inches, during 2001 water year in Minnesota.
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Figure 2. Average annual precipitation, in inches, for 30-year period,
1961-90, in Minnesota.
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Figure 3. Comparison of mean discharge for the 2001 water year with the median
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of mean discharges for 1971-2000 at seven long-term representative gaging stations.



For the first one-half of the water year streamflows were at or below
normal at all gaging stations above except for Red Lake River at Crookston,
Little Fork River near Littlefork, and Mississippi River at Aitkin. Heavy rain
and/or snow in November drove monthly mean streamflows to greater than
380 percent of normal at Red Lake River at Crookston, 330 percent above
normal at Little Fork River at Littlefork, and 160 percent of normal at Mis-
sissippi River at Aitkin. By April all sites had streamflows above normal.
Monthly-mean flows ranged from 240 percent of normal at the Little Fork
River to greater than 600 percent of normal at the Chippewa River near
Milan. By July, monthly-mean streamflows were near normal. Monthly-
mean streamflows remained near normal for the remainder of the year with
the exception of the Red Lake and Little Fork Rivers. Heavy rainsin August
drove monthly-mean flows at these two sites to 315 percent and 504 percent
of normal respectively.

The 2001 water year saw record peak streamflows at 23 USGS stream-
gaging stations with greater than 10 years of peakflow record. Eleven sta-
tions with greater than 10 years of daily-mean discharge record had annual
mean dischargesin 2001 that were the highest on record. Flood-recurrence
intervals for peak streamflows at 24 daily-mean discharge stations were
greater than 10 years. At three sites, Minnesota River at Montevideo, Missis-
sippi River at St. Paul and St. Croix River at St. Croix Falls, The peak flows
wereabovethe 50 year recurrenceinterval. The Mississippi River at Winona,
with greater than 70 years of record, had a peak flow with a 100-year recur-
renceinterval. Of the previousfour, the St. Croix River at St. Croix Fallshad
apeak flow of record.

Ground-Water Levels

The ground-water wellsinclude three in surficial-sand and gravel aqui-
fersand one in surficial sand. The location of these wellsis shownin figure
8. All four wells are measured approximately monthly. The wellsin Waton-
wan County (southern Minnesota), and Morrison County (central part Min-
nesota) showed generally declining water levelsinto March, followed by
rises of 4-5 feet over the next 3 months, and then ageneral declineto the end
of the water year. The two wellsin Beltrami and Itasca County (northern
Minnesota) generally were level for the first one-half of the water year, fol-
lowed by small fluctuations. Neither of these two wells changed greater than
2 feet over the water year.

SPECIAL NETWORKS AND PROGRAMS

Hydrologic Bench-Mark Network is a network of 50 sitesin small
drainage basins around the country whose purpose is to provide consistent
data on the streamflow representative of undevel oped watersheds nation-
wide, and to provide analyses on a continuing bases to compare and contrast
conditions observed in basins more obviously affected by human activities.
At 10 of these sites, water-quality information is being gathered on major
ionsand nutrients, primarily to assessthe affects of acid deposition on stream
chemistry. Additional information on the Hydrologic Benchmark Program
can be found at http://water.usgs.gov/hbn.

National Stream-Quality Accounting Network (NASQAN) moni-
torsthe water quality of large rivers within four of the Nation’slargest river
basins--the Mississippi, Columbia, Colorado, and Rio Grande. From theyear
2000 to 2004 the network will be reduced from approximately 40 stationsto
just afew index stations on the Colorado and Columbia Rivers so that a net-
work of 5 stations can be implemented on the Y ukon River. Samples are col-
lected with sufficient frequency that the flux of awide range of constituents
can be estimated. The objective of NASQAN is to characterize the water
quality of these large rivers by measuring concentration and mass transport
of awide range of dissolved and suspended constituents, including nutrients,
maj or ions, dissolved and sediment-bound heavy metal s, common pesticides,
and inorganic and organic forms of carbon. Thisinformation will be used to
(1) describe thelong-term trends and changes in concentration and transport
of these constituents; (2) test findings of the NAWQA; (3) characterize pro-
cesses unique to large-river systems such as storage and re-mobilization of
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sediments and associated contaminants; and (4) refine existing estimates of
off-continent transport of water, sediment, and chemicals for ng
human effects on the world’'s oceans and for determining global cycles of
carbon, nutrients, and other chemicals. Additional information about the
NASQAN Program can be found at http://water.usgs.gov/nasqgary/.

The National Atmospheric Deposition Program/National Trends
Network (NADP/NTN) provides continuous measurement and assessment
of the chemical climate of precipitation throughout the United States. Asthe
lead Federal agency, the USGS works together with over 100 organizations
to accomplish the following objectives: (1) Provide along-term, spatial and
temporal record of atmospheric deposition generated from a network of 225
precipitation chemistry monitoring sites. (2) Provide the mechanism to eval-
uate ongoing and future regulations intended to reduce atmospheric emis-
sions and subsequent impacts to the Nation’ sland and water resources. Data
from the network, aswell asinformation about individual sites, are available
through the World Wide Web at: http://nadp.sws.uiuc.edu/.

The National Water-Quality Assessment (NAWQA) Program of the
USGSisalong-term program with goal s to describe the status and trends of
water-quality conditions for alarge, representative part of the Nation’s
ground- and surface-water resources, provide an improved understanding of
the primary natural and human factors affecting these observed conditions
and trends; and provide information that supports development and evalua-
tion of management, regulatory, and monitoring decisions by other agencies.

Assessment activities are being conducted in 59 study units (major
watersheds and aquifer systems) that represent a wide range of environmen-
tal settings nationwide and that account for alarge percentage of the Nation's
water use. A wide array of chemical constituentswill be measured in ground
water, surface water, streambed sediments, and fish tissues. The coordinated
application of comparative hydrologic studies at awide range of spatial and
temporal scaleswill provide information for decision making by water-
resources managers and a foundation for aggregation and comparison of
findings to address water-quality issues of regional and national interest.

Communication and coordination between USGS personnel and other
local, State, and Federal interests are critical components of the NAWQA.
Each study unit has alocal liaison committee consisting of representatives
from key Federal, State, and local water resources agencies, Indian nations,
and universitiesin the study unit. Liaison committees typically meet semian-
nually to discuss their information needs, monitoring plans and progress,
desired information products, and opportunitiesto collaborate effortsamong
the agencies. Additional information about the NAWQA program can be
found at http://water.usgs.gov/nawga.

EXPLANATION OF THE RECORDS

The surface-water and ground-water records published in this report
arefor the 2001 water year that began October 1, 2000, and ended September
30, 2001. A calendar of the water year is provided on the inside of the front
cover. Therecords contain streamflow data, stage and content datafor lakes
and reservoirs, water-quality datafor the surface and ground water, and
ground-water-level data. The following sections of theintroductory text are
presented to provide users with a more detailed explanation of how the
hydrologic data published in this report were collected, analyzed, computed,
and arranged for presentation.

STATION IDENTIFICATION NUMBERS

Each datastation, whether stream site or well, in thisreport isassigned
a unique identification number. Thisnumber is unique inthat it applies
specifically to agiven station. The number usually isassigned when a sta-
tionisfirst established and isretained for that station indefinitely. Thesys-
temused by the USGSto assign identification numbersfor surface-water
stations and for ground-water well sites differ, but both are based on geo-
graphic location. The "downstream order” system is used for regular
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surface-water stations and the "latitude-longitude" system isused for wells
and, in Minnesota, for surface-water stations where only miscellaneous
measurements are made.

Downstream Order System and Station Number

Since October 1, 1950, the order of listing hydrol ogic-station records
in USGSreportsisinadownstream direction along the main stream. All sta-
tions on atributary entering upstream from a main stream station are listed
before that station. A station on a tributary that enters between two main-
stream sectionsislisted between them. A similar order isfollowed by listing
stations on first rank, second rank, and other order ranks of tributaries. The
rank of any tributary on which a station is situated with respect to the stream
towhichitisimmediately tributary isindicated by an indentationin alist of
stationsin front of the report. Each indentation represents onerank. This
downstream order and system of indention show which stations are on tribu-
taries between any two stations and the rank of the tributary on which each
station is situated.

As an added meansof identification, each hydrologic station and par-
tial-record station has been assigned a station number. These arein the same
downstream order in thisreport. In assigning station numbers, nodistinction
is made between partia-record stations and other stations; therefore, the
station number for a partial-record station indicates downstream-order
positionin alist made up of both types of stations. Gapsareleft in the series
of numbersto alow for new stations that may be established; hence, the
numbers are not consecutive. The complete eight-digit number for each
station such as 05041000, which appearsjust to the left of the station name,
includesthe two-digit part number "05" plus the six-digit downstream
order number "041000."

Numbering System for Wells and Miscellaneous Sites

The eight-digit downstream order station numbers are not
assigned to wellsand miscellaneous siteswhere only random water-quality
samples or discharge measurements are taken.

The well and miscellaneous site numbering system of the USGS is
based on the grid system of latitude and longitude. The system pro-
vides the geographic location of the well or miscellaneous site and a
unique number for each site. Thenumber consists of 15 digits. Thefirst
six digits denote the degrees, minutes, and seconds of latitude, the next
seven digits denote degrees, minutes, and seconds of longitude, and the
last two digits (assigned sequentially) identify the wells or other sites
within a one-second grid. See figure4. Each well siteisalso identified by
alocal well number, which consists of township, range, and section num-
bers, three lettersdesignating 1/4, 1/4, 1/4 section location, and atwo-digit
sequential number.

46°46'14"
Coordinates for well A
464613095524801
46°46'13"
o e
A B )
Coordinates for well B
464613095524802
46°46'12"

Figure 4. Example of system for numbering wells
and miscellaneous sites.

RECORDS OF STAGE AND WATER DISCHARGE

Records of stage and water discharge may be complete or partial.
Complete records of discharge are those obtained using a continuous stage-
recording device through which either instantaneous or mean- daily dis-
charge may be computed for anytime, or any period of time, during the
period of record. Completerecordsof |akeor reservoir content, similarly, are
those for which stage or content may be computed or estimated with reason-
able accuracy for any time, or period of time. They may be obtained using a
continuous stage-recording device, but need not be. Because daily-mean dis-
charges and end-of-day contents commonly are published for such stations,
they are referred to as "daily stations.”

By contrast, partial records are obtained through discrete measure-
mentswithout using a continuous stage-recording device and pertain only to
afew flow characteristics, or perhaps only one. The nature of the partial
record is indicated by table titles such as "High-flow partial records," or
"Low-flow partial records." Records of miscellaneous discharge measure-
ments or of measurements from special studies, such aslow-flow seepage
studies, may be considered as partial records, but they are presented sepa-
rately in thisreport. Location of all continuous-record, surface-water-qual-
ity, and high-flow partial-record stations for which data are given in this
report are shown in figures 5, 6, and 7.

Data Collection and Computation

The data obtained at a complete-record gaging station on astream
or canal consist of acontinuousrecord of stage, individual measurements
of discharge throughout a range of stages, and notationsregarding
factorsthat may affect therelations between stage and discharge. These
data, together with supplemental information, such as weather records,
are used to compute daily discharges. The data obtained at a complete-
record gaging stationon a lake or reservoir consist of arecord of stage and
of notationsregarding factorsthat may affect the rel ation between stage and
lake content. These data are used with stage-areaand stage-capacity curves
or tables to compute water-surface areas and lake storage.

Records of stage are obtained with recorders that trace continuous
graphs of stage or encode stage values at selected time intervals and store on
avariety of media. Measurements of discharge are made with current
metersusing methods adapted by the USGS as a result of experience
accumulated since 1880. These methods are described in standard  text-
books, in U.S. Geological Survey Water-Supply Paper 2175, and in
U.S. Geological Survey Techniques of Water-Resources Investigations
(TWRI), book 3, chapter A6.

In computing discharge records, results of individual mea-
surements are plotted against the corresponding stages, and stege-dis-
charge relation curves arethen constructed. From these curves, rating
tables indicating the approximate discharge for any stage within the range
of the measurementsare prepared. If it isnecessary to define extremes
of discharge outside the range of current-meter measurements, the
curves are extended using: (1) logarithmic-plotting; (2) velocity-area
studies; (3) results of indirect measurements of peak discharge, such as
slope-area or contracted-opening measurements, and computations of
flow-over-dams or weirs; or (4) step-backwater techniques.

Daily-mean discharges are computed by applying the daily-mean
stages (gage heights) to the stage-discharge curves or tables. If the stage-
discharge relation is subject to change because of frequent or continual
change in the physical features that form the control, the daily-mean dis-
chargeisdetermined by the shifting-control method, in which correction
factors based on the individua discharge measurements and notes of
the personnel making the measurements are applied to the gage heights
before the discharges are determined from the curves or tables. This shift-
ing-control method also is usedif the stage-discharge relation is changed
temporarily because of aguatic growth or debris on the control. For
some stations, formation of ice inthe winter may so obscure the stage-



discharge relations that daily-mean discharges must be estimated from
other information such as temperature and precipitation records, notes of
observations, and records for other stationsin the same or nearby basins
for comparable periods.

At some stream-gaging stations the stage-discharge relation is
affected by the backwater from reservoirs, tributary streams, or other
sources. This necessitates the use of the slope method in which the slope
or fal in a reach of the stream is a factor in computing discharge.
The dope or fall isobtained by meansof an auxiliary gage set at some
distance from the base gage. At some stations the stage-discharge relation
is affected by changing stage. At thesestations the rate of changein
stageisused asafactor in computing discharge.

In computing records of lake or reservoir contents, it isnecessary
to have available from surveys, curves, or tables defining the relation of
stage and content. The application of stage to the stage-content curves or
tables givesthe contents from which daily, monthly, or yearly changesthen
aredetermined. If the stage-content relation changes because of deposition
of sediment in a lake or reservoir, periodic resurveys may be necessary
to redefine therelation. Even when thisisdone, the contents computed
may become increasingly in error astime since the last survey increases.
Discharge over lake or reservoir spillways are computed from stage-dis-
charge relations much as other stream discharges are computed.

For some gaging stations there are periods when no gage-height
record is obtained, or the recorded gage height is so faulty that it cannot
be used to compute daily discharge or contents. For such periods, the daily
discharges are estimated from the recorded rangein stage, previous or
following record, discharge measurements, weather records, and compar-
ison with other station records from the same or nearby basins. Likewise,
daily contents may be estimated from operator’s logs, previous or follow-
ing record, inflow-outflow studies, and other information. Information
explaining how estimated daily-discharge values areidentified in station
records isincluded in the next two sections, "Data Presentation”
(REMARKS paragraph) and "ldentifying Estimated Daily Discharge."

Data Presentation

Streamflow datain thisreport are presented in a new format that is
considerably different from the format in data reports prior to the 1991
water year. The major changes are that statistical characteristics of
discharge now appear in tabular summariesfollowing the water-year
datatableandlessinformation is providedin the text or station manuscript
above the table. These changesrepresent the results of a pilot program
to reformat the annual water-datareport to meet current user needs and data
preferences.

The records published for each continuous-record surface-water
discharge station (gaging station) now consist of four parts: the manuscript
or station description; the data table of daily-mean values of dischargefor the
current water year with summary data; a tabular statistical summary of
monthly-mean-flow data for a designated period, by water year; and a
summary statistics table that includesstatistical data of annual, daily and
instantaneous flows as well asdata pertaining to annual runoff, 7-day low-
flow minimums, and flow duration.

Station Manuscript

The manuscript provides, under various headings, descriptive infor-
mation, such as station location, period of record, historical extremes out-
side the period of record, record accuracy, and other remarks pertinent to
station operation and regulation. The following information, as appropriate,
is provided with each continuous record of discharge or l1ake content. Com-
mentsto follow clarify information presented under the various headings of
the station description.

LOCATION--Information on locationsis obtained from the most
accurate mapsavailable. Thelocation of the gagewith respect to the cultural
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and physical featuresin the vicinity and with respect to the reference place
mentioned in the station nameis given. River mileages, given for only a
few stations, were determined by methods given in "River Mileage Mea-
surement,” Bulletin 14, Revision of October 1968, prepared by the Water
Resources Council or wereprovided by the U.S. Army Corps of Engineers.

DRAINAGE AREA--Drainage areas are measured using the most
accurate maps available. Becausethetype of maps available varies from
one drainage basin to another, the accuracy of drainage areas likewise var-
ies. Drainage areas are updated as better maps become available.

PERIOD OF RECORD--Thisindicates the period for which there
are published records for the station or for an equivalent station. An
equivalent station is one that wasin operation at a time when the present
station was not, and whose location was such that records from it can rea-
sonably be considered equivalent with records from the present station.

REVISED RECORDS--Published records, because of new infor-
mation, occasionally are found to beincorrect, and revisions are printed in
later reports. Listed under this heading are al reports in which revisions
have been published for the station and water yearsto which the revisions
apply. If a revision did not include daily, monthly, or annual figures of
discharge, that factisnoted after theyear dates as follows: "(M)" means
that only the instantaneous maximum discharge wasrevised; "(m)" means
that only the instantaneous minimum was revised; and "(P)" meansthat
only peak discharges wererevised. If the drainage area has been revised,
the report in which the most recently revised figure wasfirst published is
given.

GAGE--The type of gagein current use, the datum of the current
gagereferred to National Geodetic Vertical Datum of 1929 (see glossary),
and acondensed history of thetypes, locations, and datum of previousgages
are given under this heading.

REMARKS--All periods of estimated daily-discharge record will
either be identified by datein this paragraph of the station description
for water-discharge stations or flagged in the daily-discharge table. If
aremarks statement isused to identify estimated record, the paragraph will
begin with thisinformation presented asthe first entry. The paragraphis
alsoused to present informationrelative to the accuracy of the records,
to specia methods of computation, to conditions that affect natural flow
at the station and, possibly, to other pertinent items. For reservoir
stations, information is given on the dam forming the reservoir, the capac-
ity, outlet works and spillway, and purpose and use of the reservoir.

COOPERATION--Records provided by a cooperating organization
or obtained for the USGS by a cooperating organization are identified here.

EXTREMES OUTSIDE PERIOD OF RECORD--Included here
is the information concerning major floods or unusually low flows that
occurred outside the stated period of record. Theinformation may
or may not have been obtained by the USGS.

REVISIONS--If errorsin published water-quality records are discov-
ered after publication, appropriate updates are made in the U.S. Geological
Survey’ s distributed data system NWIS, and subsequently to its web-based
National data system, NWISWeb [http://water.usgs.gov/nwis/nwis].
Because the usua volume of updates makesit impractical to document indi-
vidual changesin the State data-report series or elsewhere, potential users of
U.S. Geological Survey water-quality data are encouraged to obtain al
required datafrom NWIS or NWISWeb to ensure the most recent updates.
Updates to NWISWeb are currently made on an annual basis.

Manuscript information for lake or reservoir stations differsfrom
that for stream stationsin the nature of the "Remarks" and to the inclusion
of askeleton stage-capacity table when daily contents are given.

Headings for AVERAGE DISCHARGE, EXTREMES FOR PERIOD
OF RECORD, AND EXTREMES FOR CURRENT YEAR have been
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deleted and theinformation contained in these paragraphs, except for the
listing of secondary instantaneous peak discharges inthe EXTREMES
FOR CURRENT YEAR paragraph, is now presented in the tabular sum-
maries following the dischargetable or inthe REMARKS paragraph, as
appropriate. No changes have been made to the data presentations of lake
contents.

Peak Discharges Greater Than Base Discharge

Tables of peak discharges above base discharge are included for some
stations where secondary instantaneous peak discharges are used in flood-
frequency studies of highway and bridge design, flood-control structures,
and other flood-related projects. The base discharge value is selected so an
average of three peaksayear will be reported. This base discharge value has
arecurrence interval of approximately 1.1 years.

Data Table of Daily-Mean Values

The daily table of discharge recordsfor stream-gaging stations gives
mean discharge for each day of thewater year. Inthe monthly summary for
the table, the line headed TOTAL gives the sum of the daily figuresfor
each month; the line headed MEAN gives the average flow in cubic feet
per second for the month; and the linesheaded MAX and MIN givethe
maximum and minimum daily-mean discharges, respectively, for each
month. Discharge for themonth also isusually expressedin cubic feet per
second per sguaremile (line headed CFSM); or ininches (lineheaded IN);
or inacre-feet (line headed AC-FT). Figuresfor cubic feet per second
per square mile and runoff in inches or in acre-feet may be omitted if there
is extensive regulation or diversion or if the drainage areaincludes large
noncontributing areas. At some stations, monthly and (or) yearly observed
discharges are adjusted for reservoir storage or diversion, or diversion data
or reservoir contents are given. Thesefigures are identified by a symbol
and corresponding footnote.

Statistics of Monthly-Mean Data

A tabular summary of the mean (line headed MEAN), maximum
(line headed MAX), and minimum (line headed MIN) of monthly-mean
flowsfor each month for a designated period isprovided below the mean
valuestable. Thewater yearsof the first occurrence of the maximum
and minimum monthly flows are provided immediately below those
figures. The designated period will be expressed as FOR WATER Y EARS
19 -19 ,BY WATER YEAR (WY), and will list the first and last water
years of the range of years selected from the PERIOD OF RECORD para-
graph in the station manuscript. It will consist of all of the station record
withinthe specified water years, inclusive, including complete months of
record for partial water years, if any, and may coincide with the period
of record for the station. The water years for which the statistics are
computed will be consecutive, unless a break in the station record isindi-
cated in the manuscript.

Summary Statistics

A table titted SUMMARY STATISTICSfollows thedtatistics of
monthly mean datatabulation. This table consists of four columns, with
the first column containing the line headings of the satistics being
reported. The table provides a statistical summary of yearly, daily, and
instantaneous flows, not only for the current water year but also for the pre-
vious calendar year and for adesignated period, as appropriate. The des-
ignated period selected, WATER YEARS19_ -19 , will consist of al of
the station record within the specified water years, inclusive, including com-
plete months of record for partial water years, if any, and may coincide
with theperiod of record for the station. The water years for which the
statistics are computed will be consecutive, unless a break in the station
record isindicated in the manuscript. All of the calculationsfor the statis-
tical characteristics designated ANNUAL (see line headings below),
except for the ANNUAL 7-DAY MINIMUM stetistic, are calculated

for the designated period using complete water years. The other atis-
tical characteristicsmay be calculated using partial water years.

The date or water year, asappropriate, of thefirst occurrenceof each
statistic reporting extreme values of discharge is provided adjacent tothe
statistic. Repeated occurrencesmay benoted in the REMARKS paragraph
of the manuscript or in footnotes. Because the designated period may not
bethe same asthe station period of record published in the manuscript,
occasionally the dates of occurrence listed for thedaily and instanta-
neous extremes in the designated-period column may not be within the
selected water yearslisted in the heading. When thisoccurs, it will be
noted in the REMARKS paragraph or in footnotes. Selected streamflow
duration curve statistics and runoff data are also given. Runoff data may
beomitted if there isextensiveregulation or diversion of flow in thedrain-
age basin.

The following summary statistics data, as appropriate, areprovided
with each continuousrecord of discharge. Comments to follow clarify
information presented under the variousline headings of the summary sta-
tistics table.

ANNUAL TOTAL--The sum of the daily-mean values of discharge
for theyear. At some stationsthe yearly-mean discharge is adjusted for res-
ervoir storage or diversion. The adjusted figures are identified by sym-
bol and corresponding footnotes.

ANNUAL MEAN--The arithmetic mean of the individua daily-
mean discharges for the year noted or for thedesignated period. At
some stations the yearly-mean discharge is adjusted for reservoir storage
or diversion. The adjusted figures are identified by a symbol and cor-
responding footnotes.

HIGHEST ANNUAL MEAN--The maximum annual-mean dis-
charge occurring for the designated period.

LOWEST ANNUAL M EAN--The minimum annual-mean discharge
occurring for the designated period.

HIGHEST DAILY MEAN--Themaximum daily-mean dischargefor
the year or for the designated period.

LOWEST DAILY MEAN--Theminimum daily-mean dischargefor
the year or for the designated period.

ANNUAL 7-DAY MINIMUM--Thelowest mean discharge for 7
consecutive days for a calendar year or awater year. Note that most low-
flow frequency analyses of annual 7- day minimum flowsuse aclimatic
year (April 1-March 31). The date shown in the summary statisticstableis
theinitial date of the 7-day period. (Thisvalue should not be confused with
the 7-day 10-year low-flow statistic.)

INSTANTANEOUS PEAK FL OW--The maximum instantaneous
discharge occurring for the water year or for the designated period.
Note that secondary instantaneous peak discharges above a selected
base discharge are stored in MinnesotaDistrict computer files for
stations meeting certain criteria. Those discharge valuesmay be obtained
by writing to the Minnesota District Office. (See address on back of title
page of thisreport.)

INSTANTANEOUS PEAK STAGE--The maximum instantaneous
stage occurring for thewater year or for the designated period. If the dates
of occurrence for theinstantaneous peak flow and instantaneous peak
stage differ, the REMARKS paragraph in the manuscript or afootnote may
be used to provide further information.

INSTANTANEOUS L OW FLOW--The minimum instantaneous
discharge occurring for the water year or for the designated period.
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ANNUAL RUNOFF--Indicates the total quantity of water in runoff
for adrainage area for the year. Data reports may use any of the following
units of measurement in presenting annual runoff data.

Acre-foot (AC-FT) is the quantity of water required to cover 1
acreto adepth of 1 foot and is equivalent to 43,560 cubic feet or about
326,000 gallons or 1,233 cubic meters.

Cubic feet per second per square mile (CFSM) is the average
number of cubic feet of water flowing per second from each square
mile of area drained, assuming the runoff is distributed uniformly in
time and area.

Inches (INCHES) indicates the depth to which the drainage area
would be covered if al of the runoff for a given time period were uni-
formly distributed on it.

10 PERCENT EXCEEDS--Thedischargethat isexceeded by 10 per-
cent of the flow for the designated period.

50 PERCENT EXCEEDS--Thedischarge that is exceeded by 50 per-
cent of the flow for the designated period.

90 PERCENT EXCEEDS--Thedischarge that is exceeded by 90 per-
cent of the flow for the designated period.

Data collected at partial-record stations follow the information for
continuous-record sites. Data for partial-record discharge stations are
presented in two tables. Thefirstisatableof discharge measurements at
low-flow partial-record stations, and the second is a table of annual maxi-
mum stage and discharge at crest-stage stations. The tables of partial-
record stations are followed by a listing of discharge measurements made
at sites other than continuous-record or partial-record stations. These mea-
surements are generally madein times of drought or flood to give better
areal coverage to thoseevents. Those measurements and others collected
for some specia reason are called measurements at miscellaneous sites.

Identifying Estimated Daily Discharge

Estimated daily-discharge values published in the water-discharge
tables of annual State datareportsareidentified either by flaggingindividual
daily values with the letter symbol "€" and printing a table footnote, "e
Estimated," or by listing the dates of theestimated record in the
REMARKS paragraph of the station description.

Accuracy of the Records

The accuracy of streamflow records depends primarily on: (1) The
stability of the stage-discharge relation or, if the control isunstable, the
frequency of discharge measurements; and (2) theaccuracy of measure-
ments of stage, measurements of discharge, and interpretation of records.

The accuracy attributed to the records is indicated under
REMARKS. "Excellent" means that about 95 percent of the daily dis-
charges are within 5 percent of the true; "good," within 10 percent; and
“fair," within 15 percent. Recordsthat do not meet the criteria mentioned
arerated "poor." Different accuracies may be attributed to different parts of
agiven record.

Daily-mean discharges in this report are givento the nearest hun-
dredth of acubic foot per second for valueslessthan 1 ft%s; tothe nearest
tenth between 1.0 and 10 ft%/s; to whole numbersbetween 10 and 1,000
ft3/s; and to 3 significant figures for more than 1,000 ft%/s. The number of
significant figures used isbased solely onthe magnitude of the discharge
value. The same rounding rulesapply to discharges listed for par-
tial-record stations and miscellaneous sites.

Discharge at many stations, as indicated by the monthly mean, may
not reflect natural runoff due to the effects of diversion, consumption,
regulation by storage, increase or decrease inevaporation due to

artificial causes, or to other factors. For such stations, figures of cubic
feet per second per square mile and of runoff, in inches, are not published
unless satisfactory adjustmentscan be made for diversions, for changesin
contents of reservoirs, or for other changesincident to use and control.
Evaporation from areservoir isnot included in the adjustmentsfor changes
in reservoir contents, unless it is so stated. Even at those stations
where adjustments are made, large errors in computed runoff may occur if
adjustments or losses are largein comparison with the observed discharge

Other Records Available

Information of amore detailed naturethan that published for most of
the gaging stations, such as observations of water temperatures,
discharge measurements, gage-height records, and rating tables, isonfile
in the Minnesota District office. Also most gaging-station records are
available in computer-usable form and many statistical analyses have been
made.

Information on the availability of unpublished data or statistical
analyses may be obtained from the district office.

The National Water Data Exchange, Water ResourcesDivision,
U.S. Geological Survey, National Center, Reston, VA 22092, maintains
an index of al discharge-measurement sites in the State as well asan index
of records of discharge collected by other agencies but not published by the
USGS. Information on records available at specific sites can be obtained
upon request.

RECORDS OF SURFACE-WATER QUALITY

Records of surface-water quality ordinarily are obtained at or near
stream-gaging stations because interpretation of records of surface-water
quality nearly always requires corresponding discharge data. Records of
surface-water quality in thisreport may involve avariety of types of data
and measurement frequencies.

Classification of Records

Water-quality datafor surface-water sitesaregrouped into oneof three
classifications. A continuing record station isa site where data are col-
lected on aregularly scheduled basis. Frequency may beone or moretimes
daily, weekly, monthly, or quarterly. A partial-record station isasite
wherelimited water-quality dataare collected systematically over a period
of years. Frequency of sampling isusualy less than quarterly. A
miscellaneous sampling site is alocation other than a continuing or
partial-record station, where random samples are collected to give better
areal coverageto define water-quality conditionsin theriver basin.

A distinction needs to be made between "continuing records,” as
used inthisreport, and "continuous recordings,” which refersto a contin-
uous graph or a series of discrete values punched at short intervalson a
paper tape. Somerecordsof water quality, such as temperature and specific
conductance, may be obtained through continuous recordings; however,
most data are obtained only monthly or less frequently. Locations of
stream-gaging stations for which records on the quality of surface water
appear in this report are shown in figure 6.

Arrangement of Records

Water-quality records collected at a surface-water daily record station
arepublished immediately following that record, regardless of the frequency
of sample collection. Station number and name arethe same for both
records. Where a surface-water daily-record station is not available or
where the water quality differs significantly from that at the nearby surface-
water station, the continuing water-quality record is published with itsown
station number and name inthe regular downstream-order sequence.
Water-quality data for partial-record stations and for miscellaneous sam-
pling sites appear in separate tables following thetable of discharge mea-
surements at miscellaneous sites.
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On-Site Measurement and Sample Collection

Water-quality data must be representative of the in situ quality of
water. To assure this, certain measurements, such as water temper-
ature, pH, and dissolved oxygen, need to be made onsite when the samples
are taken. To assurethat measurements made in thelaboratory also rep-
resent the in situ water, carefully prescribed procedures need to be fol-
lowed in collecting the samples, in treating the samples to prevent changes
in quality pending analysis, and in shipping the samples to the labora-
tory. Procedures for on-site measurements and for collecting, treating,
and shipping samples aregiven in publications on "Techniques of
Water-Resource Investigations," book 1, chap. D2; book 3, chap. C2; book 5
chaps. A1, A3, and A4; book 9, chap. A1-A9. All of these references are
listed on pages 22-24 of thisreport. Also, detailed information on col-
lecting, treating, andshipping samples may be obtained from the
USGS Minnesota District office.

One sample can define adequately thewater quality at a given time if
the mixture of solutes throughout the stream cross section ishomogeneous.
However, the concentration of solutes at different locations in the cross
section may vary widely with different rates of water discharge, depend-
ing on the source of material and the turbulence and mixing of the
stream. Some streams must be sampled through several vertical sectionsto
obtain a representative sample needed for an accurate mean concentration
andfor useincaculatingload. All samples obtained for the National
Stream Quality Accounting Network (see definitions) are obtained from
at least several verticals. Whether samples are obtained from the centroid of
flow or from several verticals depends on flow conditionsand other factors
which must be evaluated by the collector.

Chemical-quality data published in thisreport are consideredto be
the most representative values available for the stations listed. The values
reported represent water-quality conditions at the time of sampling as much
as possible, consistent with available sampling techniques and methods
of analysis. In the rare case where an apparent inconsistency exists
between areported pH value and therelative abundance of carbon diox-
ide species (carbonate and bicarbonate), the inconsistency is theresult
of a dight uptake of carbon dioxide from the air by the sample between
measurement of pH in thefield and determination of carbonate and bicar-
bonate in the laboratory.

For chemical-quality stations equipped with digital monitors, the
records consist of daily maximum, minimum, and mean valuesfor each con-
stituent measured and are based upon hourly punchesbeginning at 0100
hours and ending at 2400 hours for the day of record. More detailed
records (hourly values) may be obtained from the USGS Minnesota District
office.

Water Temperature

Water temperaturesare measured at most of thewater-quality stations.
In addition, water temperatures are taken at time of discharge measure-
ments for water-discharge stations. For stations where water temperatures
aretaken manually once or twicedaily, thewater temperatures are taken at
about the same time each day. Large streams have a small diurnal
temperature change; shallow streams may have adaily range of several
degrees and may follow closely the changes in air temperature. Some
streams may be affected by waste-heat discharges.

At stations where recording instruments are used, either mean temper-
atures or maximum and minimum temperaturesfor each day are published.
Water temperatures measured at thetime of water-discharge measurements
are on file in the Minnesota District office.

Sediment

Suspended-sediment concentrations are determined from samples
collected by using depth-integrating samplers. Samplesusualy are
obtained at several verticalsinthe cross section, or asingle sample may

be obtained at a fixed point and a coefficient applied to determine the
mean concentration in the cross sections.

During periods of rapidly changing flow or rapidly changing con-
centration, samples may have been collected more frequently (twice
daily or, in someinstances, hourly). The published sediment discharges for
days of rapidly changing flow or concentration were computed by the sub-
divided-day method (time-discharge weighted average). Therefore, for
those dayswhen the published sediment discharge value differsfrom the
value computed as the product of discharge times mean concentration
times 0.0027, the reader can assume that the sediment discharge for that
day was computed by the subdivided-day method. For periods when
no samples werecollected, daily loads of suspended sediment were esti-
mated on thebasis of water discharge, sediment concentrations
observed immediately before and after the periods, and suspended-sedi-
ment loads for other periods of similar discharge.

At other stations, suspended-sediment samples were collected period-
ically at many verticalsinthe stream cross section. Although datacollected
periodically may represent conditions only at the time of observations,
such data are useful in establishing seasonal relations between quality
and streamflow and in predicting long-term sediment-discharge characteris-
tics of the stream.

In addition to the records of suspended-sediment discharge, records
of the periodic measurements of the particle-size distribution of the sus-
pended sediment and bed material areincluded for some stations.

L aboratory M easurements

Samples for indicator bacteriaand specific conductance are ana-
lyzed locally. All other samples are analyzed in the Geologica Survey
laboratoriesin Arvada, Colorado; Doraville, Georgia; or lowa City, lowa.
Methods used in analyzing sediment samples and computing sediment
records aregivenin U.S. Geological Survey Techniquesof Water Resources
Investigations, book 5, chap. C1. Methods used by the USGS |aboratories
aregivenin U.S. Geological Survey Techniques of Water Resources Inves-
tigation, book 1, chap. D2; book 3, chap. C2; book 5, chaps. A1, A3, and A4.

Data Presentation

For continuous-record stations, information pertinent to the history
of station operation is provided in descriptive headings preceding the
tabular data. These descriptive headings give detailsregarding location,
drainage area, period of record, type of dataavailable, instrumentation,
general remarks, cooperation, and extremes for parameters currently
measured daily. Tables of chemical, physical, biological, radiochemical
data, and so forth, obtained at a frequency less than daily are presented
first. Tables of daily valuesof specific conductance, pH, water tem-
perature, dissolved, and suspended sediment then follow in sequence.

In the descriptive headings, if the location is identical to that of the
discharge gaging station, neither the LOCATION nor the DRAINAGE
AREA statements are repeated. The followinginformation, when
appropriate, isprovided with each continuous-record station. Comments
that follow clarify information presented under the various headings of the
station description.

LOCATION--See "Data Presentation” under "Records of Stage and
Water Discharge;" same comments apply.

DRAINAGE AREA--See "Data Presentation” under "Records of
Stage and Water Discharge;" same comments apply.

PERIOD OF RECORD--Thisindicates the periods for which there
are published water-quality records for the station. The periods are
shown separately for records of parameters measured daily or continu-
ously and those measured lessthan daily. For those measured daily or con-
tinuously, periods of record are given for the parametersindividually.
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INSTRUMENTATION--Information on instrumentation is given
only if awater-quality monitor, temperature recorder, sediment pumping
sampler, or other sampling device is in operation at astation.

REM ARK S--Remarks provide added information pertinent to the col-
lection, analysis, or computation of the records.

COOPERATION--Records provided by a cooperating organi-
zation or obtained for the USGS by a cooperating organization areidentified
here.

EXTREMES--Maximums and minimumsaregiven only for param-
eters measured daily or more frequently. None are given for parameters
measured weekly or less frequently, because the true maximums or min-
imums may not have been sampled. Extremes, when given, areprovided
for both the period of record and for the current water year.

REVISIONS--If errorsin published water-quality records are discov-
ered after publication, appropriate updatesare made to the Water-Quality
File in the U.S. Geologica Survey’s computerized data system, WAT-
STORE, and subsequently by monthly transfer of update transactionsto the
U.S. Environmental Protection Agency’s STORET system. Because the
usual volume of updates makes it impractical to document individual
changesinthe State data-report seriesor elsewhere, potential usersof USGS
water-quality data are encouraged to obtainal required data from the
appropriate compuiter file to ensure the most recent updates.

The surface-water-quality recordsfor partial-record stationsand
miscellaneous sampling sites are published in separate tablesfollowing
the table of discharge measurements at miscellaneous sites. No descriptive
statements are given for these records. Each station is published with its
own station number and name in the regular downstream-order sequence.

Remark Codes

Thefollowing remark codes may appear with the water-quality datain
this report:

PRINTED
OUTPUT REMARK
e E Estimated value
> Actual value isknown to be greater than the value
shown
< Actual value is known to be less than the value
shown
K Results based on colony count outside the acceptance
range (non-ideal colony count)
L Biological organisms count less than 0.5 percent
(organisms may be observed rather than counted)
D Biological organism count equal to or greater than 15
percent (dominant)
\% Analyte was detected in both the environmental sam-
ple and the associated blanks
& Biological organism estimated as dominant.

Water Quality-Control Data

Data generated from quality-control (QC) samples are arequisite for
evaluating the quality of the sampling and processing techniques as well as
data from the actual samples themselves. Without QC data, environmental
sample data cannot be adequately interpreted because the errors associated
with the sample data are unknown. The various types of QC samples col-
lected by thisdistrict are described in the following section. Procedures have
been established for the storage of water-quality-control datawithin the
USGS. These procedures allow for storage of all derived QC data and are

identified so that they can be related to corresponding environmental sam-
ples.

Blank Samples

Blank samples are collected and analyzed to ensure that environmental
samples have not been contaminated by the overall data-collection process.
The blank solution used to devel op specific types of blank samplesis a solu-
tion that is free of the analytes of interest. Any measured value signal in a
blank sample for an analyte (a specific component measured in a chemical
analysis) that was absent in the blank solution is believed to be due to con-
tamination. There are many types of blank samples possible, each designed
to segregate a different part of the overall data-collection process. The types
of blank samples collected in this district are:

FIELD BLANK--ablank solution that is subjected to all aspects of
sample collection, field processing preservation, transportation, and labora-
tory handling as an environmental sample.

TRIP BLANK--ablank solution that is put in the same type of bottle
used for an environmental sample and kept with the set of sample bottles
before and after sample collection.

EQUIPMENT BL ANK --ablank solution that is processed through all
equipment used for collecting and processing an environmental sample (sim-
ilar to afield blank but normally done in the more controlled conditions of
the office).

SAMPLER BLANK--ablank solution that is poured or pumped
through the same field sampler used for collecting an environmental sample.

FILTER BLANK --ablank solution that isfiltered in the same manner
and through the same filter apparatus used for an environmental sample.

SPLITTER BLANK--ablank solution that is mixed and separated
using afield splitter in the same manner and through the same apparatus used
for an environmenta sample.

PRESERVATION BLANK--ablank solution that is treated with the
sampler preservatives used for an environmental sample.

Reference Samples

Reference material is a solution or materia prepared by alaboratory
whose composition is certified for one or more properties so that it can be
used to assess ameasurement method. Samples of reference material are sub-
mitted for analysis to ensure that an analytical method is accurate for the
known properties of the reference material. Generally, the selected reference
material properties are similar to the environmental sample properties.

Replicate Samples

Replicate samples are a set of environmental samples collected in a
manner such that the samples are thought to be essentially identical in com-
position. Replicateisthegeneral casefor which aduplicateisthe special case
consisting of two samples. Replicate samples are collected and analyzed to
establish the amount of variability in the data contributed by some part of the
collection and analytical process. There are many types of replicate samples
possible, each of which may yield slightly different resultsin a dynamic
hydrologic setting, such as aflowing stream. The types of replicate samples
collected in this district are:

SEQUENTIAL SAMPLE--atype of replicate samplein which the
samples are collected one after the other, typically over a short time.

SPLIT SAMPL E--atype of replicate samplein which asampleis split
into subsamples contemporaneous in time and space.

Spike Samples

Spike samples are sampl esto which known quantities of asolutionwith
one or more well-established analyte concentrations have been added. These
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samples are analyzed to determine the extent of matrix interference or deg-
radation on the anal yte concentration during sample processing and analysis.

Dissolved Trace-Element Concentrations

Traditionally, dissolved trace-element concentrations have been
reported at the microgram per liter (ug/L) level. Recent evidence, mostly
from large rivers, indicates that actual dissolved-phase concentrations for a
number of trace elements are within the range of 10’ sto 100’ s of nanograms
per liter (ng/L). Dataabove the pug/L level should be viewed with caution.
Such data may actually represent elevated environmental concentrations
from natural or human causes; however, these data could reflect contamina-
tion introduced during sampling, processing, or analysis. To confidently
produce dissolved trace-element data with insignificant contamination, the
USGS began using new trace-element protocols at some stations in water
year 1994.

Change in National Trends Network Procedures

Sample handling procedures at all National Trends Network stations
were changed substantially on January 11, 1994, in order to reduce contam-
ination from the sampl e shipping container. The datafor samplesbefore and
after that date are different and not directly comparable. A tabular summary
of the differences based on aspecial intercomparison study is available from
the NADP Program Office, Illinois State Water Survey, 2204 Griffith Drive,
Champaign, IL 61820-7495 (217-333-7873).

RECORDS OF GROUND-WATER QUALITY

Records of ground-water quality in this report differ from other
typesof recordsin that for most sampling sitesthey consist of only one set
of measurementsfor the water year. The quality of ground water ordi-
narily changes only slowly; therefore, for most general purposes one
annual sampling, or only afew samples takenat infrequent intervals dur-
ing the year, is sufficient. Frequent measurement of the same constitu-
entsisnot necessary unlessone isconcerned with aparticular problem, such
as monitoring for trendsin nitrate concentration. In the specia cases
where the quality of ground water may change more rapidly,
more frequent measurements are made to identify the nature of the
changes.

Data Collection and Computation

The records of ground-water quality in this report were obtained
mostly as a part of specia studies in specific areas. Consequently, a
number of chemical analyses are presented for some counties, but none are
presented for others. Asaresult, the recordsfor this year, by themselves,
do not provide a balanced view of ground-water quality statewide. Such
aview can beattained only by considering records for this year in context
with similar records obtained for these and other countiesin earlier years.

Most methods for collecting and analyzing water samples are
described in the U.S. Geological Survey Techniques of Water-
Resources Investigation manuals listed on pages 22-25. The values
reported in this report represent water-quality conditions at the time of
sampling as much as possible, consistent with available sampling tech-
niques and methods of analysis. All samples were obtained by trained
personnel. Thewells sampled were pumped long enough to assure that the
water collected came directly from theaquifer and had not stood for along
timein the well casing where it would have been exposed to the atmo-
sphere and to the material, possibly metal, comprising the casings.

Data Presentation

The records of ground-water quality are published in the section enti-
tled QUALITY OF GROUND WATER. Data for quality of ground water
arelisted alphabeticaly, by county, and areidentified by well number.
The prime identification number for wells sampled is the 15-digit number
derived from the latitude-longitude locations. No descriptive statements are

given for ground-water-quality records; however, thewell number, depth
of well, date of sampling, and other pertinent data are given inthetable
containing the chemical analyses of the ground water. The REMARK
codes listed for surface-water-quality records also are applicable to ground-
water-quality records.

ACCESSTO USGSWATER DATA

The USGS provides near real-time stage and discharge data for many
of the gaging stations (equipped with the necessary telemetry) and historic
daily-mean and peak-flow discharge data for most current and discontinued
gaging stations through the World Wide Web. These data may be accessed
at:

http://www.water.usgs.gov

Some water-quality and ground-water data also are available through
the World Wide Web. In addition, data can be provided in various machine-
readable formats on magnetic tape or 3-1/2 inch floppy disk. Information
about the availability of specific types of data or products, and user charges,
can be obtained locally from each of the Water Resources Division District
offices.

DEFINITION OF TERMS

Termsrelated to streamflow, water-quality, and other hydrologic data,
asused inthisreport, are defined below. See also tablefor converting English
unitsto International System (SI) Units on the inside of the back cover.

Acid neutralizing capacity (ANC) isthe equivalent sum of all bases
or base-producing materials, solutes plus particulates, in an agueous system
that can be titrated with acid to an equivalence point. This term designates
titration of an “unfiltered” sample (formerly reported as alkalinity).

Acre-foot (AC-FT, acre-ft) isthe quantity of water required to cover 1
acre to adepth of 1 foot and is equivalent to 43,560 cubic feet, 325,851 gal -
lons, or 1,233 cubic meters.

Adenosine triphosphate (ATP) is an organic, phosphate-rich, com-
pound important in the transfer of energy in organisms. Itscentral roleinliv-
ing cellsmakesit an excellent indicator of the presence of living materia in
water. A measurement of ATP therefore provides a sensitive and rapid esti-
mate of biomass. ATP is reported in micrograms per liter.

Algae are mostly aquatic single-celled, colonial, or multicelled plants
containing chlorophyll and lacking roots, stems, and leaves.

Algal growth potential (AGP) isthe maximum algal dry weight bio-
mass that can be produced in anatural water sample under standardized lab-
oratory conditions. The growth potential is the algal biomass present at
stationary phase and is expressed as milligrams dry weight of algae produced
per liter of sample.

Alkalinity isthe capacity of solutesin an agueous system to neutralize
acid. Thisterm designates titration of a“filtered” sample.

Annual runoff isthe total quantity of water in runoff for adrainage
areafor theyear. Datareports may use any of the following units of measure-
ment in presenting annual runoff data:

Acre-foot (AC-FT, acre-ft) isthe quantity of water required to
cover 1 acreto adepth of 1 foot and is equal to 43,560 cubic feet,
325,851 gallons, or 1,233 cubic meters.

Cubic foot per second per square mile [CFSM, (ft¥/s)/mid] is
the average number of cubic feet of water flowing per second from
each square mile of area drained, assuming the runoff is distributed
uniformly in time and area.
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Inch (IN., in.) asused in this report, refers to the depth to which
the drainage areawould be covered with water if al of the runoff for a
given time period were uniformly distributed on it.

Aroclor isthe registered trademark for a group of polychlorinated
biphenylsthat were manufactured by the Monsanto Company prior to 1976.
Aroclors are assigned specific 4-digit reference numbers dependent upon
molecular type and degree of substitution of the biphenyl ring hydrogen
atomsby chlorine atoms. Thefirst two digits of anumbered aroclor represent
the molecular type and the last two digits represent the weight percent of the
hydrogen substituted chlorine.

Bacteria are microscopic unicellular organisms, typically spherical,
rod like, or spiral and threadlike in shape, often clumped into colonies. Some
bacteria cause disease, while others perform an essential rolein naturein the
recycling of materials; for example, by decomposing organic matter into a
form available for reuse by plants.

Total coliform bacteria are a particular group of bacteria that
are used as indicators of possible sewage pollution. This group
includes coliforms that inhabit the intestine of warm-blooded animals
and those that inhabit soils. They are characterized as aerobic or facul-
tative anaerobic, gram-negative, nonspore-forming, rod-shaped bacte-
riathat ferment lactose with gas formation within 48 hoursat 35 °C. In
the laboratory, these bacteria are defined as al the organisms that pro-
duce colonies with a golden-green metallic sheen within 24 hours
when incubated at 35 °C plus or minus 1.0 °C on M-Endo medium
(nutrient medium for bacteria growth). Their concentrations are
expressed as number of colonies per 100 mL of sample.

Fecal coliform bacteria are bacteriathat are present in the intes-
tine or feces of warm-blooded animals. They are often used asindica-
tors of the sanitary qudlity of the water. In the laboratory, they are
defined as all organisms that produce blue colonies within 24 hours
when incubated at 44.5 °C plus or minus 0.2 °C on M-FC medium
(nutrient medium for bacterial growth). Their concentrations are
expressed as number of colonies per 100 mL of sample.

Fecal streptococcal bacteria are bacteriafound in the intestine
of warm-blooded animals. Their presence in water is considered to
verify fecal pollution. They are characterized as gram-positive, cocci
bacteriathat are capable of growth in brain-heart infusion broth. In the
laboratory, they are defined as all the organisms that produce red or
pink colonies within 48 hours at 35 °C plus or minus 1.0 °C on KF-
streptococcus medium (nutrient medium for bacterial growth). Their
concentrations are expressed as number of colonies per 100 mL of
sample.

Enterococcus bacteria are commonly found in the feces of
humans and other warm-blooded animals. Although some strains are
ubiquitous and not related to fecal pollution, the presence of entero-
cocci in water isan indication of fecal pollution and the possible pres-
ence of enteric pathogens. Enterococcus bacteria are those bacteria
that produce pink to red colonies with black or reddish-brown precipi-
tate after incubation at 41 °C on mE agar and subsequent transfer to
EIA medium. Enterococci include Streptococcus feacalis, Sreptococ-
cus feacium, Streptococcus avium, and their variants.

Escherichia coli (E. coli) are bacteriapresent in the intestine and
feces of warm-blooded animals. E. coli are amember species of the
fecal coliform group of indicator bacteria. In the laboratory, they are
defined as those bacteria that produce yellow or yellow-brown colo-
nies on afilter pad saturated with urea substrate broth after primary
culturing for 22 to 24 hours at 44.5 °C on mTEC medium. Their con-
centrations are expressed as number of colonies per 100 mL of sam-
ple.

Baseflow isflow in achannel sustained by ground-water dischargein
the absence of direct runoff.

Bed material is the sediment mixture of which a streambed, lake,
pond, reservoir, or estuary bottom is composed.

Benthic or ganisms (invertebrates) are the group of animalsinhabiting
the bottom of an aquatic environment. They include a number of types of
organisms, such as bacteria, fungi, insect larvae and nymphs, snails, clams,
and crayfish. They are useful asindicators of water quality.

Biochemical oxygen demand (BOD) is a measure of the quantity of
dissolved oxygen, in milligrams per liter, necessary for the decomposition of
organic matter by microorganisms, such as bacteria.

Biomassis the amount of living matter present at any given time,
expressed as mass per unit area or volume of habitat.

Ash massisthe mass or amount of residue present after the resi-
due from the dry mass determination has been ashed in a muffle fur-
nace at atemperature of 500 °C for 1 hour. Ash mass of zooplankton
and phytoplankton is expressed in grams per cubic meter (g/m3), and
periphyton and benthic organismsin grams per square meter (g/m?).

Dry mass refers to the mass of residue present after drying in an
oven at 105 °C for zooplankton and periphyton, until the massremains
unchanged. This mass represents the total organic matter, ash, and sed-
iment in the sample. Dry massis expressed in the same units as ash
mass.

Organic mass or volatile mass of the living substance is the dif-
ference between the dry mass and ash mass and represents the actual
mass of the living matter. Organic mass is expressed in the same units
as for ash mass and dry mass.

Wet massis the mass of living matter plus contained water.

Biomass pigment ratio is an indicator of the total proportion of per-
iphyton which are autotrophic (plants). Thisis also called the Autotrophic
Index.

Bottom material: See“Bed material.”

Cellsivolume refers to the number of plankton cells or natural units
counted using a microscope and grid or counting cell. Results are generally
reported as cells or units per milliliter.

Cells volume (biovolume) determination is one of several common
methods used to estimate biomass of algae in aquatic systems. Cell members
of algae are frequently used in aguatic surveys as an indicator of algal pro-
duction. However, cell numbers alone cannot represent true biomass because
of considerable cell-size variation among the algal species. Cell volume
(um3) is determined by obtaining critical cell measurements on cell dimen-
sions (for example, length, width, height, or radius) for 20 to 50 cells of each
important species to obtain an average biovolume per cell. Cells are catego-
rized according to the correspondence of their cellular shape to the nearest
geometric solid or combinations of simple solids (for example, spheres,
cones, or cylinders). Representative formulae used to compute biovolume
areasfollows:

sphere 4/3 e cone V3 1wh cylinder reh,

From cell volume, total algal biomass expressed as biovolume
(pm?’/mL) is thus determined by multiplying the number of cells of agiven
species by itsaverage cell volume and then summing these volumes over all
Species.

Chemical oxygen demand (COD) is a measure of the chemically oxi-
dizable material in the water and furnishes an approximation of the amount
of organic and reducing material present. The determined value may corre-
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late with BOD or with carbonaceous organic pollution from sewage or indus-
trial wastes.

Chlorophyll refersto the green pigments of plants. Chlorophyll aand
b are the two most common green pigmentsin plants.

Colloid is any substance with particles in such afine state of subdivi-
sion dispersed in amedium (for example, water) that they do not settle out;
but not in so fine a state of subdivision that they can be said to be truly dis-
solved.

Color unit isproduced by 1 milligram per liter of platinumin theform
of the chloroplatinate ion. Color is expressed in units of the platinum-cobalt
scale.

Confined aquifer isaterm used to describe an aquifer containing
water between two relatively impermeable boundaries. The water level in a
well tapping a confined aquifer stands above the top of the confined aquifer
and can be higher or lower than the water table that may be present in the
material aboveit. In some casesthewater level can rise above the ground sur-
face, yielding aflowing well.

Contentsisthe volume of water in areservoir or lake. Unless other-
wiseindicated, volume is computed on the basis of alevel pool and does not
include bank storage.

Continuous-record station isasite that meets either of the following
conditions:

Stage or streamflow are recorded at some interval on a continuous
basis. The recording interval isusually 15 minutes, but may be less or more
frequent.

Water-quality, sediment, or other hydrologic measurements are
recorded at least daily.

Control designatesafeature in the channel downstream from agaging
station that physically influences the water-surface elevation and thereby
determines the stage-discharge relation at the station. This feature may be a
constriction of the channel, a bedrock outcrop, a gravel bar, an artificial
structure, or a uniform cross section over along reach of the channel.

Control structure as used in this report is a structure on a stream or
canal that isused to regulate the flow or stage of the stream or to prevent the
intrusion of saltwater.

Cubicfoot per second (CFS, ft3/s) istherate of discharge representing
avolume of 1 cubic foot passing agiven point in 1 second. It isequivalent to
approximately 7.48 gallons per second, 448.8 gallons per minute, or 0.02832
cubic meters per second.

Cubicfoot per second-day (CFS-DAY, Cfs-day, [(ft3/s)/d]) isthevol-
ume of water represented by aflow of 1 cubic foot per second for 24 hours.
It is equivalent to 86,400 cubic feet, 1.9835 acre-feet, 646,317 gallons, or
2,447 cubic meters.

Daily record isasummary of streamflow, sediment, or water-quality
values computed from data collected with sufficient frequency to obtain reli-
able estimates of daily mean values.

Daily record station is asite for which daily records of streamflow,
sediment, or water-quality values are computed.

Datum, as used in this report, is an elevation above mean sealevel to
which all gage height readings are referenced.

Diel isof or pertaining to a 24-hour period of time; aregular daily
cycle.
Discharge, or flow, is the volume of water (or more broadly, volume

of fluid including solid- and dissolved-phase material), that passes a given
point in agiven period of time.

Annual 7-day minimum is the lowest mean discharge for 7
consecutive days in ayear. Note that most low-flow frequency analy-
ses of annual 7-day minimum flows use a climatic year (April 1-
March 31). The date shown in the summary statisticstable istheinitial
date of the 7-day period. (This value should not be confused with the
7-day 10-year low-flow statistic.)

Instantaneous dischargeis the discharge at a particular instant
of time.

Mean discharge (MEAN) is the arithmetic mean of individual
daily mean discharges during a specific period.

Dissolved refersto that material in arepresentative water sample that
passes through a 0.45-micrometer membrane filter. Thisis a convenient
operational definition used by Federal agencies that collect water data.
Determinations of “dissolved” constituents are made on subsamples of the
filtrate.

Dissolved oxygen (DO) content of water in equilibrium with airisa
function of atmospheric pressure, temperature, and dissolved-solids concen-
tration of the water. The ability of water to retain oxygen decreases with
increasing temperature or dissolved solids, with small temperature changes
having the more significant offset. Photosynthesis and respiration may cause
diurnal variations in dissolved-oxygen concentration in water from some
streams.

Dissolved-solids concentration of water is determined either analyti-
cally by the“residue-on-evaporation” method, or mathematically by totaling
the concentrations of individua constituents reported in a comprehensive
chemical analysis. During that analytical determination of dissolved solids,
the bicarbonate (generally amajor dissolved component of water) is con-
verted to carbonate. Therefore, in the mathematical calculation of dissolved-
solids concentration, the bicarbonate value, in milligrams per liter, is multi-
plied by 0.4926 to reflect the change. Alternatively, alkalinity concentration
(asmg/L CaCOs3) can be converted to carbonate concentration by multiply-
ing by 0.60.

Diversity index is anumerical expression of evenness of distribution
of aquatic organisms. The formulafor diversity index is:

where n; is the number of individuals per taxon, n is the total number of
individuals, and sisthe total number of taxain the sample of the community.
Diversity index values range from zero, when all the organismsin the sample
are the same, to some positive number, when some or all of the organismsin
the sample are different.

Drainage ar ea of asite on astream isthat area, measured in a horizon-
tal plane, that has acommon outlet at the site for its surface runoff. Figures
of drainage area given herein include all closed basins, or noncontributing
areas, within the area unless otherwise specified.

Drainage basin is a part of the Earth’'s surface that is occupied by a
drainage system with acommon outlet for its surface runoff (see “Drainage
ared’).

Dry weight refersto the weight of animal tissue after it has been dried
inan ovenat 65 °C until aconstant weight isachieved. Dry weight represents
total organic and inorganic matter in the tissue.

Flow-duration per centiles are values on a scale of 100 that indicate
the percentage of time for which aflow is not exceeded. For example, the
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90th percentile of river flow is greater than or equal to 90 percent of all
recorded flow rates.

Gage datum isthe elevation of the zero point of the reference gage
from which gage height is determined as compared to sea level (see
“Datum”). This elevation is established by a system of levels from known
benchmarks, by approximation from topographic maps, or by geographical
positioning system.

Gage height (G.H.) is the water-surface elevation referenced to the
gage datum. Gage height is often used interchangeably with the more general
term “stage,” although gage height is more appropriate when used with a
reading on agage.

Gaging station isasite on astream, canal, lake, or reservoir where sys-
tematic observations of stage, discharge, or other hydrologic data are
obtained. When used in connection with adischarge record, the termis
applied only to those gaging stations where a continuous record of discharge
is computed.

Gas chromatography/flame ionization detector (GC/FID) is alabo-
ratory analytical method used as a screening technique for semi-volatile
organic compounds that are extractable from water in methylene chloride.

Ground-water level isthe elevation of the water table or another
potentiometric surface at a particular location.

Hardness of water is a physical-chemical characteristic that is com-
monly recognized by the increased quantity of soap required to produce
lather. It isattributable to the presence of alkaline earths (principally calcium
and magnesium) and is expressed as the equival ent concentration of calcium
carbonate (CaCOg).

High tideisthe maximum height reached by each rising tide. The high-
high and low-high tides are the higher and lower of the two high tides,
respectively, of each tidal day. See NOAA web site:
http: //www.co-ops.nos.noaa.gov/tidegl os.html

Hydrologic benchmark station is one that provides hydrologic data
for abasin in which the hydrologic regimen will likely be governed solely by
natural conditions. Data collected at abenchmark station may be used to sep-
arate effects of natural from human-induced changesin other basinsthat have
been developed and in which the physiography, climate, and geology are
similar to those in the undevel oped benchmark basin.

Hydrologic unit is a geographic area representing part or all of asur-
face drainage basin or distinct hydrologic feature as defined by the former
Office of Water Data Coordination and delineated on the State Hydrologic
Unit Maps by the U.S. Geological Survey. Each hydrologic unit isidentified
by an 8-digit number.

Land-surface datum (Isd) is a datum plane that is approximately at
land surface at each ground-water observation well.

Light-attenuation coefficient, also known as the extinction coeffi-
cient, isameasure of water clarity. Light is attenuated according to the Lam-
bert-Beer equation

where | is the source light intensity, | is the light intensity at length L (in
meters) from the source, A is the light-attenuation coefficient, and e is the
base of the natural logarithm. The light attenuation coefficient is defined as

= _Ligg L
A= —Llogelo

Lipid isany one of afamily of compounds that are insoluble in water
and that make up one of the principal components of living cells. Lipids

include fats, oils, waxes, and steroids. Many environmental contaminants
such as organochlorine pesticides are lipophilic.

L ow tide isthe minimum height reached by each fallingtide. The high-
low and low-low tides are the higher and lower of the two low tides, respec-
tively, of each tidal day. See NOAA web site:
http: //mww.co-ops.nos.noaa.gov/tideglos.html

M acr ophytes are the macroscopic plants in the aquatic environment.
The most common macrophytes are the rooted vascular plants that are usu-
ally arranged in zones in aquatic ecosystems and restricted in the area by the
extent of illumination through the water and sediment deposition along the
shoreline.

M easuring point (MP) isan arbitrary permanent reference point from
which the distance to water surface in awell is measured to obtain water
level.

Membranefilter isathin microporous materia of specific pore size
used to filter bacteria, algae, and other very small particles from water.

M etamor phic stage refers to the stage of development that an organ-
ism exhibits during its transformation from an immature form to an adult
form. This developmental process exists for most insects, and the degree of
difference from the immature stage to the adult form varies from relatively
slight to pronounced, with many intermediates. Examples of metamorphic
stages of insects are egg-larva-adult or egg-nymph-adult.

M ethylene blue active substances (MBAS) are apparent detergents.
The determination depends on the formation of a blue color when methylene
blue dye reacts with synthetic anionic detergent compounds.

Micrograms per gram (UG/G, pug/g) isaunit expressing the concen-
tration of achemical constituent asthe mass (micrograms) of the element per
unit mass (gram) of material analyzed.

Micrograms per kilogram (UG/KG, pg/kg) isaunit expressing the
concentration of achemica constituent as the mass (micrograms) of the con-
stituent per unit mass (kilogram) of the material analyzed. One microgram
per kilogram is equivalent to 1 part per billion.

Microgramsper liter (UG/L, ug/L) isaunit expressing the concentra-
tion of chemical constituentsin water as mass (micrograms) of constituent
per unit volume (liter) of water. One thousand micrograms per liter is equiv-
aent to 1 milligram per liter.

Microsiemens per centimeter (US/CM, pS/cm) is a unit expressing
the amount of electrical conductivity of a solution as measured between
opposite faces of a centimeter cube of solution at a specified temperature.
Siemensisthelnternational System of Unitsnomenclature. It issynonymous
with mhos and is the reciprocal of resistance in ohms.

Milligramsper liter (MG/L, mg/L) isaunit for expressing the concen-
tration of chemical constituents in water as the mass (milligrams) of constit-
uent per unit volume (liter) of water. Concentration of suspended sediment
asoisexpressed in mg/L and is based on the mass of dry sediment per liter
of water-sediment mixture.

Miscellaneous site, or miscellaneous station, is a site where stream-
flow, sediment, and/or water-quality data are collected once, or more often
on arandom or discontinuous basis.

M ost probable number (MPN) isan index of the number of coliform
bacteria that, more probably than any other number, would give the results
shown by the laboratory examination; it is not an actual enumeration. MPN
is determined from the distribution of gas-positive cultures among multiple
inoculated tubes.

Multiple-platesampler sareartificia substratesof known surfacearea
used for obtaining benthic invertebrate samples. They consist of a series of
spaced, hardboard plates on an eyebolt.
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Nanograms per liter (NG/L, ng/L) is a unit expressing the concentra-
tion of chemical constituents in solution as mass (nanograms) of solute per
unit volume (liter) of water. One million nanograms per liter is equivaent to
1 milligram per liter.

North American Vertical Datum of 1988 (NAV D of 1988) isthe ver-
tical control datum established in 1991 by the minimum-constraint adjust-
ment of the Canadian-Mexican-U.S. leveling observations. It held fixed the
height of the primary tidal bench mark, referenced to the new International
Great Lakes Datum of 1985 local mean sealevel height value, at Father
Point/Rimouski, Quebec, Canada. See NOAA web site:
http: //mww.ngs.noaa.gov/faq.shtml#WhatVD29VD88

National Geodetic Vertical Datum of 1929 (NGVD of 1929) isageo-
detic datum derived from a general adjustment of thefirst order level nets of
the United States and Canada. It was formerly called “Sea Level Datum of
1929” or “mean sealevel” in this series of reports. Although the datum was
derived from the average sealevel over aperiod of many years at 26 tide sta-
tions along the Atlantic, Gulf of Mexico, and Pacific Coasts, it does not nec-
essarily represent local mean sealevel at any particular place. See NOAA web
site: http://www.ngs.noaa.gov/fag.shtml#WhatvVD29vD88

Nekton are the consumers in the aguatic environment and consist of
large free-swimming organismsthat are capable of sustained, directed mobil-

ity.

Nephelometricturbidity unit (NTU) isthe measurement for reporting
turbidity that isbased on use of astandard suspension of Formazin. Turbidity
measured in NTU uses nephel ometric methods that depend on passing spe-
cific light of a specific wavelength through the sample.

Open or screened interval isthe length of unscreened opening or of
well screen through which water enters awell, in feet below land surface.

Organic carbon (OC) is a measure of organic matter present in aque-
ous sol ution, suspension, or bottom sediments. May be reported as dissolved
organic carbon (DOC), suspended organic carbon (SOC), or total organic
carbon (TOC).

Organism isany living entity.

Organism count/ar ea refersto the number of organisms collected and
enumerated in a sample and adjusted to the number per area habitat, usually
square meter (m2), acre, or hectare. Periphyton, benthic organisms, and mac-
rophytes are expressed in these terms.

Organism count/volume refers to the number of organisms collected
and enumerated in a sample and adjusted to the number per sample volume,
usually milliliter (mL) or liter (L). Numbers of planktonic organisms can be
expressed in these terms.

Total organism count isthe total number of organisms collected
and enumerated in any particular sample.

Organochlorine compounds are any chemicals that contain carbon
and chlorine. Organochl orine compoundsthat areimportant in investigations
of water, sediment, and biological quality include certain pesticides and
industrial compounds.

Parameter Codeis a5-digit number used in the U.S. Geological Sur-
vey computerized datasystem, National Water Information System (NWIS),
to uniquely identify a specific constituent or property.

Partial-record station isasite where discrete measurements of one or
more hydrologic parameters are obtained over a period of time without con-
tinuous data being recorded or computed. A common example is a crest-
stage gage partial-record station at which only peak stages and flows are
recorded.

Particle size is the diameter, in millimeters (mm), of a particle deter-
mined by sieve or sedimentation methods. The sedimentation method utilizes

the principle of Stokes Law to calculate sediment particle sizes. Sedimenta-
tion methods (pipet, bottom-withdrawal tube, visual-accumulation tube,
Sedigraph) determine fall diameter of particles in either distilled water
(chemically dispersed) or in native water (the river water at the time and
point of sampling).

Particle-size classification used in this report agrees with the recom-
mendation made by the American Geophysical Union Subcommittee on Sed-
iment Terminology. The classification is as follows:

Classification Size (mm) Method of analysis
Clay 0.00024 - 0.004 Sedimentation

Silt 0.004 - 0.062 Sedimentation
Sand 0.062 - 2.0 Sedimentation/sieve
Gravel 2.0 - 640 Sieve

The particle-size distributions given in this report are not necessarily
representative of all particlesin transport in the stream. Most of the organic
matter is removed, and the sample is subjected to mechanical and chemical
dispersion before analysisin distilled water. Chemical dispersion isnot used
for native water analysis.

Per cent composition or percent of total isaunit for expressing the
ratio of aparticular part of a sample or population to the total sample or pop-
ulation, in terms of types, numbers, weight, or volume.

Periodic station is asite where stage, discharge, sediment, chemical,
or other hydrol ogic measurements are made one or more times during ayear,
but at a frequency insufficient to develop adaily record.

Periphyton isthe assemblage of microorganismsattached to and living
upon submerged solid surfaces. While primarily consisting of algae, they
aso include bacteria, fungi, protozoa, rotifers, and other small organisms.
Periphyton are useful indicators of water quality.

Pesticides are chemical compounds used to control undesirable organ-
isms. Major categories of pesticides include insecticides, miticides, fungi-
cides, herbicides, and rodenticides.

pH of water isthe negative logarithm of the hydrogen-ion activity.

Solutions with pH less than 7 are termed “acidic,” and solutions with a pH
greater than 7 are termed “basic.” Solutions with apH of 7 are neutral. The
presence and concentration of many dissolved chemical constituents found
inwater are, in part, influenced by the hydrogen-ion activity of water. Bio-
logical processesincluding growth, distribution of organisms, and toxicity of
thewater to organismsare a so influenced, in part, by the hydrogen-ion activ-
ity of water.

Picocurie (PC, pCi) isonetrillionth (1 x 10°12) of the amount of radio-
activity represented by acurie(Ci). A curieisthe amount of radioactivity that
yields 3.7 x 100 radioactive disi ntegrations per second. A picocurie yields
2.22 dpm (disintegrations per minute).

Plankton is the community of suspended, floating, or weakly swim-
ming organisms that live in the open water of lakes and rivers. Concentra-
tions are expressed as a number of cells per milliliter (cells'mL of sample).

Phytoplankton is the plant part of the plankton. They are usu-
ally microscopic, and their movement is subject to the water currents.
Phytoplankton growth is dependent upon solar radiation and nutrient
substances. Because they are able to incorporate as well asrelease
materials to the surrounding water, the phytoplankton have a profound
effect upon the quality of the water. They are the primary food produc-
ersin the aguatic environment and are commonly known as algae.

Blue-green algae (Cyanophyta) are agroup of phytoplank-
ton organisms having a blue pigment, in addition to the green
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pigment called chlorophyll. Blue-green algae often cause nui-
sance conditions in water.

Diatoms are the unicellular or colonial algae having asili-
ceous shell. Their concentrations are expressed as number of
cells per milliliter (cellsymL) of sample.

Euglenoids (Euglenophyta) are a group of algae that are
usually free-swimming and rarely creeping. They have the abil-
ity to grow either photosynthetically in the light or heterotrophi-
caly in the dark.

Fire algae (Pyrrhophyta) are agroup of algae that are free-
swimming unicells characterized by ared pigment spot.

Green algae have chlorophyll pigments similar in color to
those of higher green plants. Some forms produce algae mats or
floating “moss” in lakes. Their concentrations are expressed as
number of cells per milliliter (cells/mL) of sample.

Zooplankton isthe animal part of the plankton. Zooplankton are
capable of extensive movements within the water column and are
often large enough to be seen with the unaided eye. Zooplankton are
secondary consumers feeding upon bacteria, phytoplankton, and detri-
tus. Because they are the grazers in the aguatic environment, the zoop-
lankton are a vital part of the aguatic food web. The zooplankton
community is dominated by small crustaceans and rotifers.

Polychlorinated biphenyls (PCB’s) are industria chemicalsthat are
mixtures of chlorinated biphenyl compounds having various percentages of
chlorine. They are similar in structure to organochlorine insecticides.

Polychlorinated naphthalenes (PCN’s) are industria chemicals that
are mixtures of chlorinated naphthalene compounds. They have properties
and applications similar to polychlorinated biphenyls (PCB’s) and have been
identified in commercial PCB preparations.

Primary productivity is a measure of the rate at which new organic
matter is formed and accumulated through photosynthetic and chemosyn-
thetic activity of producer organisms (chiefly, green plants). The rate of pri-
mary production is estimated by measuring the amount of oxygen released
(oxygen method) or the amount of carbon assimilated (carbon method) by the
plants.

Primary productivity (carbon method) is expressed as milli-
grams of carbon per area per unit time [mg C/(mZ/time)] for periphy-
ton and macrophytes or per volume [mg C/(m3/time)] for
phytoplankton. Carbon method defines the amount of carbon dioxide
consumed as measured by radioactive carbon (carbon-14). The
carbon-14 method is of greater sensitivity than the oxygen light and
dark bottle method and is preferred for use in unenriched waters. Unit
time may be either the hour or day, depending on the incubation
period.

Primary productivity (oxygen method) is expressed as milli-
grams of oxygen per area per unit time [mg O/(m%time)] for periphy-
ton and macrophytes or per volume [mg O/(m3/ti me)] for
phytoplankton. Oxygen method defines production and respiration
rates as estimated from changes in the measured dissolved-oxygen
concentration. The oxygen light and dark bottle method is preferred if
therate of primary production is sufficient for accurate measurements
to be made within 24 hours. Unit time may be either the hour or day,
depending on the incubation period.

Radioisotopes are isotopic forms of an element that exhibit radioactiv-
ity. Isotopes are varieties of achemical element that differ in atomic weight,
but are very nearly alike in chemical properties. The difference arises

because the atoms of the i sotopic forms of an element differ inthe number of
neutrons in the nucleus; for example, ordinary chlorine is a mixture of iso-
topes having atomic weights of 35 and 37, and the natural mixture has an
atomic weight of about 35.453. Many of the elements similarly exist as mix-
tures of isotopes, and a great many new isotopes have been produced in the
operation of nuclear devices such asthe cyclotron. There are 275 isotopes of
the 81 stable elements, in addition to more than 800 radioactive isotopes.

Recoverable from bottom material isthe amount of a given constit-
uent that isin solution after a representative sample of bottom material has
been digested by a method (usually using an acid or mixture of acids) that
resultsin dissolution of readily soluble substances. Compl ete dissolution of
all bottom material is not achieved by the digestion treatment and thus the
determination represents |l ess than the total amount (that is, less than 95 per-
cent) of the constituent in the sample. To achieve comparability of analytical
data, equivalent digestion procedures would be required of all laboratories
performing such analysesbecause different digestion proceduresarelikely to
produce different analytical results.

Recurrenceinterval, also referred to asreturn period, is the average
time, usually expressed in years, between occurrences of hydrologic events
of aspecified type (such as exceedances of a specified high flow or non-
exceedance of a specified low flow). The terms “return period” and “recur-
rence interval” do not imply regular cyclic occurrence. The actual times
between occurrences vary randomly, with most of the times being less than
the average and afew being substantially greater than the average. For exam-
ple, the 100-year flood is the flow rate that is exceeded by the annual maxi-
mum peak flow at intervals whose average length is 100 years (that is, once
in 100 years, on average); amost two-thirds of all exceedances of the 100-
year flood occur lessthan 100 years after the previous exceedance, half occur
lessthan 70 years after the previous exceedance, and about one-eighth occur
more than 200 years after the previous exceedance. Similarly, the 7-day 10-
year low flow (7Qq) isthe flow rate below which the annual minimum 7-
day-mean flow dips at intervals whose average length is 10 years (that is,
oncein 10 years, on average); amost two-thirds of the non-exceedances of
the 7Q4 occur less than 10 years after the previous non-exceedance, half
occur lessthan 7 years after, and about one-eighth occur more than 20 years
after the previous non-exceedance. Therecurrenceinterval for annual events
isthereciprocal of the annual probability of occurrence. Thus, the 100-year
flood has a 1-percent chance of being exceeded by the maximum peak flow
in any year, and there is a 10-percent chance in any year that the annual min-
imum 7-day-mean flow will be less than the 7Q.

Replicate samples are a group of samples collected in amanner such
that the samples are thought to be essentially identical in composition.

River mileisthe distance of apoint on ariver measured in milesfrom
the river’s mouth along the low-water channel.

River mileage isthelinear distance along the meandering path of a
stream channel determined in accordance with Bulletin No. 14 (October
1968) of the Water Resources Council.

Runoff in inches (IN., in.) isthe depth, in inches, to which thedrainage
areawould be covered if all the runoff for agiven time period were uniformly
distributed on it.

Sea level refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of
thefirst-order level netsof the United Statesand Canada, formerly called Sea
Level Datum of 1929. See: http://www.co-ops.nos.noaa.gov/
glossary/gloss_n.htmli#NGVD

Sediment is solid material that is transported by, suspended in, or
deposited from water. It originates mostly from disintegrated rocks; it also
includes chemical and biochemical precipitates and decomposed organic
material, such as humus. The quantity, characteristics, and cause of the
occurrence of sediment in streams are influenced by environmental factors.
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Some major factors are degree of slope, length of slope, soil characteristics,
land usage, and quantity and intensity of precipitation.

Bed load is the sediment that is transported in a stream by roll-
ing, sliding, or skipping along or very close to the bed. In this report,
bed load is considered to consist of particlesin transit from the bed to
an elevation equal to the top of the bed-load sampler nozzle (usually
within 0.25 ft of the streambed).

Bed-load dischar ge (tons per day) is the quantity of sediment
moving as bed load, reported as dry weight, that passes a cross section
inagiventime.

Suspended sediment is the sediment that is maintained in sus-
pension by the upward components of turbulent currents or that exists
in suspension as a colloid.

Suspended-sediment concentration is the velocity-weighted
concentration of suspended sediment in the sampled zone (from the
water surface to a point approximately 0.3 ft above the bed) expressed
as milligrams of dry sediment per liter of water-sediment mixture
(mg/L). The entire sampleis used for the analysis.

M ean concentration of suspended sediment is the time-
weighted concentration of suspended sediment passing a stream
section during a 24-hour day.

Suspended-sediment dischar ge (tong/day) is the quantity of
sediment moving in suspension, reported as dry weight, that passes a
crosssectioninagiventime. It is calculated in units of tons per day as
follows: concentration (mg/L) x discharge (ft3/s) x 0.0027.

Suspended-sediment load is aterm that refersto material in
suspension. The term needs to be qualified, such as“annual sus-
pended-sediment load” or “sand-size suspended-sediment load,” and
so on. It is not synonymous with either suspended-sediment discharge
or concentration.

Total sediment discharge (tons/day) is the sum of the sus-
pended-sediment discharge and the bed-load discharge. It isthe total
quantity of sediment, reported as dry weight, that passes a cross sec-
tioninagiven time.

Total sediment load or total load is aterm that refersto the total
sediment (bed load plus suspended-sediment load) that isin transport.
The term needs to be qualified, such as “annual suspended-sediment
load” or “sand-size suspended-sediment load,” and so on. It is not syn-
onymous with total sediment discharge.

Seven-day 10-year low flow (7Q10, 7Q) isthe minimum flow aver-
aged over 7 consecutive days that is expected to occur on average, oncein
any 10-year period. The 7Q10 has a 10-percent chance of occurring in any
given year.

Sodium adsor ption ratio (SAR) isthe expression of relative activity
of sodium ions in exchange reactions within soil and is an index of sodium
or alkali hazard to the soil. Waters range in respect to sodium hazard from
those which can be used for irrigation on aimost al soils to those which are
generally unsatisfactory for irrigation.

Solute is any substance that is dissolved in water.

Specific conductance is ameasure of the ability of awater to conduct
an electrical current. It isexpressed in microsiemens per centimeter at 25 °C.
Specific conductance is related to the type and concentration of ionsin solu-
tion and can be used for approximating the dissolved-solids content of the
water. Commonly, the concentration of dissolved solids (in milligrams per
liter) isfrom 55 to 75 percent of the specific conductance (in microsiemens).

Thisrelation is not constant from stream to stream, and it may vary in the
same source with changes in the composition of the water.

Stableisotope ratio (per MILL/MIL) is aunit expressing the ratio of
the abundance of two radioactive isotopes. |sotope ratios are used in hydro-
logic studies to determine the age or source of specific waters, to evaluate
mixing of different waters, asan aid in determining reaction rates, and other
chemical or hydrologic processes.

Stage: See“Gage height.”

Stage-dischar gerelation istherelation between the water-surface ele-
vation, termed stage (gage height), and the volume of water flowing in a
channel per unit time.

Streamflow isthe discharge that occursin anatural channel. Although
theterm “discharge” can be applied to the flow of acanal, the word “ stream-
flow” uniquely describes the discharge in asurface stream course. Theterm
“streamflow” ismore general than “runoff” as streamflow may be applied to
discharge whether or not it is affected by diversion or regulation.

Substrateis the physical surface upon which an organism lives.

Artificial substrate isadevicethat is purposely placed in a
stream or lake for colonization of organisms. The artificial substrate
simplifiesthe community structure by standardizing the substrate from
which each sample is taken. Examples of artificial substrates are bas-
ket samplers (made of wire cages filled with clean streamside rocks)
and multiplate samplers (made of hardboard) for benthic organism
collection, and plexiglass strips for periphyton collection.

Natural substrate refersto any naturally occurring immersed or
submersed solid surface, such asarock or tree, upon which an organ-
ism lives.

Surfacear ea of alake or impoundment isthat areaencompassed by the
boundary of the lake or impoundment as shown on USGS topographic maps,
or on other available maps or photographs. The computed surface areas
reflect the water levels of the lakes or impoundments at the times when the
information for the maps or photographs was obtained.

Surficial bed material isthetop 0.1 to 0.2 ft of the bed material that is
sampled using U.S. Series Bed-Material Samplers.

Suspended (as used in tables of chemical analyses) refersto the
amount (concentration) of undissolved material in awater-sediment mixture.
It is associated with the material retained on a 0.45-micrometer filter.

Suspended, recover able is the amount of a given constituent
that isin solution after the part of arepresentative suspended-sediment
samplethat is retained on a 0.45-micrometer membranefilter has been
digested by amethod (usually using a dilute acid solution) that results
in dissolution of only readily soluble substances. Compl ete dissolution
of al the particulate matter is not achieved by the digestion treatment
and thus the determination represents something less than the “total”
amount (that is, less than 95 percent) of the constituent present in the
sample. To achieve comparability of analytical data, equivalent diges-
tion procedures are required of all laboratories performing such analy-
ses because different digestion procedures are likely to produce
different analytical results.

Determinations of “ suspended, recoverable” constituents are
made either by analyzing portions of the material collected on the fil-
ter or, more commonly, by difference, based on determinations of (1)
dissolved and (2) total recoverable concentrations of the constituent.

Suspended, total isthetotal amount of agiven constituent in the
part of arepresentative suspended-sediment sample that is retained on
a0.45-micrometer membrane filter. Thisterm is used only when the
analytical procedure assures measurement of at least 95 percent of the
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constituent determined. Knowledge of the expected form of the con-
stituent in the sample, as well as the analytical methodology used, is
required to determine when the results should be reported as “ sus-
pended, total.”

Determinations of “ suspended, total” constituents are made
either by analyzing portions of the material collected on thefilter or,
more commonly, by difference, based on determinations of (1) dis-
solved and (2) total concentrations of the constituent.

Synoptic Studies are short-term investigations of specific water-qual-
ity conditions during selected seasonal or hydrologic periods to provide
improved spatial resolution for critical water-quality conditions. For the
period and conditions sampled, they assessthe spatial distribution of selected
water-quality conditionsin relation to causative factors, such asland use and
contaminant sources.

Taxonomy isthedivision of biology concerned with the classification
and naming of organisms. The classification of organismsis based upon a
hierarchial scheme beginning with Kingdom and ending with Species at the
base. The higher the classification level, the fewer features the organisms
have in common. For example, the taxonomy of aparticular mayfly, Hexage-
nia limbata, is the following:

Kingdom Animal

Phylum Arthropoda

Class Insecta

Order Ephemeroptera
Family Ephemeridae
Genus Hexagenia
Species Hexagenia limbata

Time-weighted average is computed by multiplying the number of
daysin the sampling period by the concentrations of individual constituents
for the corresponding period and dividing the sum of the productsby thetotal
number of days. A time-weighted average represents the composition of
water that would be contained in avessel or reservoir that had received equal
quantities of water from the stream each day for the year.

Tonsper acre-foot isthedry mass of dissolved solidsin 1 acre-foot of
water. It is computed by multiplying the concentration of the constituent, in
milligrams per liter, by 0.00136.

Tonsper day (T/DAY, tongd) isthe rate representing amass of 1 ton
of aconstituent in streamflow passing acrosssectionin 1 day. Itisequivalent
to 2,000 pounds per day, or 0.9072 metric tons per day.

Total isthetotal amount of agiven constituent in a representative sus-
pended-sediment sample, regardless of the constituent’s physical or chemi-
cal form. Thisterm is used only when the analytical procedure assures
measurement of at least 95 percent of the constituent present in both the dis-
solved and suspended phases of the sample. A knowledge of the expected
form of the constituent in the sample, as well as the anaytical methodol ogy
used, isrequired to judge when the results should be reported as “total.”
(Note that the word “total” does double duty here, indicating both that the
sampl e consists of a suspended-sediment mixture and that the analytical
method determined all of the constituent in the sample.)

Total dischar geisthe quantity of agiven constituent, measured asdry
mass or volume, that passes a stream cross section per unit of time. When
referring to constituents other than water, this term needs to be qualified,
such as “total sediment discharge,” “total chloride discharge,” and so on.

Total in bottom material isthe total amount of a given constituent in
arepresentative sample of bottom material. Thisterm isused only when the
analytical procedure assures measurement of at least 95 percent of the con-
stituent determined. A knowledge of the expected form of the constituent in
the sample, as well as the analytical methodology used, is required to judge
when the results should be reported as “total in bottom material.”

Total length (fish) is the straight-line distance from the anterior point
of afish specimen’s snout, with the mouth closed, to the posterior end of the
caudal (tail) fin, with the lobes of the caudal fin squeezed together.

Total load refersto all of aconstituent in transport. When referring to
sediment, it includes suspended |oad plus bed load.

Total recoverableisthe amount of a given constituent that isin solu-
tion after a representative suspended-sediment sample has been digested by
amethod (usually using adilute acid solution) that resultsin dissolution of
only readily soluble substances. Complete dissolution of all particulate mat-
ter isnot achieved by the digestion treatment, and thus the determination rep-
resents something less than the “total” amount (that is, less than 95 percent)
of the constituent present in the dissolved and suspended phases of the sam-
ple. To achieve comparability of analytical data, equivalent digestion proce-
dures are required of al laboratories performing such analyses because
different digestion procedures are likely to produce different analytical
results.

Turbidity isameasurement of the collective optical properties of a
water sample that cause light to be scattered and absorbed rather than trans-
mitted in straight lines; the higher the intensity of scattered light, the higher
the turbidity. Turbidity is expressed in nephelometric turbidity units (NTU)
or Formazin turbidity units (FTU) depending on the method and equipment
used.

Volatile or ganic compounds (VOC's) are organic compounds that
can beisolated from thewater phase of asample by purging thewater sample
with inert gas, such as helium, and subsequently analyzed by gas chromatog-
raphy. Many VOC's are manmade chemicals that are used and produced in
the manufacture of paints, adhesives, petroleum products, pharmaceuticals,
and refrigerants. They are often components of fuels, solvents, hydraulic flu-
ids, paint thinners, and dry cleaning agents commonly used in urban settings.
VOC contamination of drinking-water suppliesisahuman health concern
because many aretoxic and are known or suspected human carcinogens (U.S.
Environmental Protection Agency, 1996).

Water level isthe water-surface elevation or stage of the free surface
of abody of water above or below any datum (see“Gage height”), or the sur-
face of water standinginawell, usualy indicative of the position of thewater
table or other potentiometric surface.

Water tableisthe surface of a ground-water body at which the water
is at atmospheric pressure.

Water -table aquifer is an unconfined aquifer within which is found
the water table.

Water year in U.S. Geological Survey reports dealing with surface-
water supply is the 12-month period October 1 through September 30. The
water year is designated by the calendar year in which it ends and which
includes 9 of the 12 months. Thus, the year ending September 30, 1999, is
called the “1999 water year.”

WDR isused as an abbreviation for “Water-Data Report” in the
REVISED RECORDS paragraph to refer to State annual hydrologic-data
reports. (WRD was used as an abbreviation for “Water-Resources Data’ in
reports published prior to 1976.)

Weighted aver ageisused in thisreport to indicate discharge-weighted
average. It is computed by multiplying the discharge for a sampling period
by the concentrations of individual constituentsfor the corresponding period
and dividing the sum of the products by the sum of the discharges. A
discharge-weighted average approximates the composition of water that
would be found in areservoir containing all the water passing a given loca-
tion during the water year after thorough mixing in the reservoir.

Well is an excavation (pit, hole, tunnel), generaly cylindrical in form
and often walled in, drilled, dug, driven, bored, or jetted into the ground to
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such adepth as to penetrate water-yielding geologic material and allow the W SP isused as an abbreviation for “Water-Supply Paper” in reference
water to flow or to be pumped to the surface. to previously published reports

Wet weight refersto the weight of animal tissue or other substance
including its contained water.
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